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NATIONAL AINISORY COMMITTEE FOR AERCNAUTICS

TECHNICAL NOTE NO. 1503

EEARTNG STRENGTHS OF SOME ALUMINUM-AIIOY
ROLTED AND EXTRUIED SECTIONS

7 R L. Yocre _-illlNl"l lﬂll"ll'llllml'lﬂlliﬂl

SUMMARY

ULl

Tests were made to determine beering yleld and ultima:be strengths
for several sizes of rolled and extruded 148 sections and of rolled
24S-T and T58-T bar.l It was found that retlos of bearing to tensile

properties previously proposed for aluminum-alloy sheet end plate appear
equally appliceble to rolled bar of 248-T, 14S-W, and 148-T in thick-
nesses up to 2 inches and to extruded 148-W end 148-T in thicknesses up
to 1 inch. TFor rolled 758-T ber in thickresses up to 2 inches and for
extruded 148-W and 1LS-T bar in the thiclmess range of 1 to 2 inches,
lower ratlos of beering to temsile properties are proposed.

INTRODUCTION

’

A survey of the work dome in the Aluminum Research Laboratories on
the determination of bearing properties for use in the design of riveted,
bolted, or pin-connected Joints in the high-strength, wrought-aluminum
alloys shows that a great many tests have been made on sheet and plate
(references 1 to 5) but that little or no work has been done on forgings
or rolled bar. The tests that have been made on extrusioms, moreover,
have been limited for the most part to alloy 758-T -with a few tests on
sections of 24S-T (reference 1).

The. need for some Investigation of the bearing-strength character-
i1stlcs of different forms of the seme elloy was first indicated by the
results obtalned from tests of sheet and large extrusions of 24S-T. The

bearing strengths for a S%imh-thick extrusion, for example, were found

to be considerably lower, in proporbion to the tensille stren@h ‘then
those for sheet material.. The seme generel tendencles have since been
observed for sheet and extrusions of T58-T. The tests described in this
report were undertaken to supplement these findings with observations on
the behavior of 148 extrusions. Bamples of rolled bar 1n th-T 21|S-‘1‘ s
*and 75S-T have. also been included. T

The obJect of these tests was to determine bearing yield end ulti-
mate strengths for several slzes of rolled and extruded high-strength,
eluminum-elloy sectlons and to esteblish, as far as possible, typical R

Inew temper designations for alloys listed are: 14S-Th for 1L8-W,
148-76 for 1ks-T, 24S-Th for 2hS-T, 708-TH for T75S-T.
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ratios of bearing to temsile properties for these types of product. Data
of this kind are of interest mainly in the design of riveted, bolted, or
pin-comnected Joints.

MATERIAL

Table I summerizes the mechanlcel properties obtalned for the
various test sectloms. The average temsile properties were in every
cege above the minimm specified (reference 6) and with a few exceptions
(mainly 14S-W extruded bar) were in the range considered typical for
these allcys. Although a nmumber of comparisons may be mede from the
values shcwn in table I, the following are perhaps of most interest:

1. The extruded sections of both 148-W and 1AS-T engle and bar
exhibited higher strengths and lower elongations than those cbserved for
the corresponding rolled sections.

2. Tte strengths of the 1iS-W and 14S-T extruded bar in the
2- by 2-inch size were highexr than those obtailned fox the extruded
1- by 2-inoch size, whereas the ordexr of strengths with respect to size
was Just reversed. in the case of the 14S-T ro]_led sections.

3. There was no significant difference in temsile properties for
the two locations investigated in the bar sections, except in the case
of the 758-T. For the 2- by 2-inch size in the latter alloy the stremngths
obtalned for specimen 1, located near the surface as shown in the
sketch below table I, were conslderably lower than those obtalned for
specimen 2, located about mldway between the surface end the center.
The strength values shown in table I for thils section are the average of
two tests at each location, whereas single tests at each location were
made for all other samples.

PROCEDURE

Bearing tests were made in duplicate on-l-];-inch-thick specimens from
each sample, end loadings on a l--:I.n.ch-o:'!.:l.ta.'n:se'l:e:t.' steel pin were used. The

2
specimens machined from the angle sections were ol inches wide; all those

taken from the bar sections were 2 inches wide. The original length of
all specimems wes about—18 inches. After the completion of-one test; the
damaged end was sawed off about 1 Inch below the center of the hole and
the specimen was redrilled for another test. The sketches below table II
indicate the location of the 'bea.r:Lng specimens in the bar a.nd. a.ngle cross

o —

sectlions. = o Pt
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Edge distances, measured from the cemnbter of the pin hole to the edge
of the specimen in'the direction of stressing, were limited In these tests
to 1.5 and 2 times the pin dilameter. These are the edge dlstances for
which alloweble bearing design values are commonly given (reference T).

' Figure 1 shows the arrangement used 1in making bearing tests in a
ho,ooo-yound-capacity Amsler hydreulic testing machine. The hole elon-
gations, from which values of bearing yleld strength were determined,
were measured by means of a fllar micrometer microscope whlch could be
read directly to 0.0l millimeter. The under side of the pln projeocting -
from the specimen on the microscope slde was flattened slightly to pro-
vide & reference mark for the determination of pin movement. A light
scratch on the specimen under the pin provided a referemnce mark for
specimen movement.

RESULTS AND DISCUSSION

Teble IT sumarizes the results of the heering tests. The yleld
strengths were selected from the bearing stress-hole elongatilon curves
in figures 2 to 8 as the stresses corresponding to an offset from the
ptreight-line portion of the curves equal to 2 percent of the pin
dlameter. Bearing fallures occurred by shearing out the portlom of the
specimen above the pin or by a combination of shear and tenslle fracture
throughout the pin hole. In gemeral, the behavior was simllar to that .
observed for most of the other high-strength, wrought-aluminum alloys.

A comperison of the strength values given in tebles I and IT shows
that the order of bearing strengths for the different sectlons and alloys
was not always the same as observed for the tensile strengths. The
bearing ultimate strengths for the rolled engle sections in both 14S-W
and 14S-T, for exemple, were higher than those obtained for the extruded
angles, yot the latter exhlbited higher tensile strengths. There was no
plgnificant difference between the bearing values cbtalned for the
48T rolled and extruded bar, although there was a conslderable diffexr-
ence between the temslle properties of these two types of sectilon,
particularly in the 2~ by 2-inch size.

Teble ITI glives the ratios of bearing to tenslle properties obtalned
from the average results of these tests. It may be noted that the
14S-W angle and the 248-T bar sections, having the lowest temsile
strengths, developed socme of the highest ratlos of bearing to tensile
properties. The lowest ratlios, on the other hand, wexre observed for the
2- by 2-inch 148 extrusions end the 758-T rolled bar, having the highest
tensile strengths. The most signiflcant observatlion to be made from the
results of these tests, however, is that all the sections tested, with
the exception of the 2- by 2-inch extruded bars of 14S-W and 14S-T and
the rolled bars of 758-T, may be placed in the same class as sheet and
plate (reference 5) as far as ratios of bearing to temslle properties are
concerned.. Both the l- by 2-inch and 2- by 2-inch sections of rolled
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759-T bar and the 2- by 2-inch extruded bars of 14S-W and 14S-T exhibited
definitely lower ratios of bearing to temsile properties. The latter

were of the same order of magnitude as previously observed for %-:anh-
thick extrusions of 758-T (reference 3).

CONCLUSIORS

The following conclusions are based upon the results of bearing
tests of several samples of rolled and extruded 148 sections and samples
of rolled 24S-T and 75S8-T bar:

1. The following ratlos of bearing to tensile broperties, previ-
ously proposed for aluminum-alloy sheet and Plate, appear equally eppli-
ceble to rolled bar of 24S-T, 14S-W, and 14S-T in thickhesses up to
2 inches &nd to extruded 1L4S-W and 14S-T in thicknesses up to 1 inch.

Bdge distances
Ratios
. 1.5 X pin 2 X pin
dlameter diameter

Bearing ultimate
Tensile ultimate : 1.5 1.9
Bearing yield
Tensile yleld . 1.4 1.6

2. For rolled E-’I‘ bar in thicknegses up to 2 inches and for
extruded 1iS-W and -T bar in the thickness range of 1 to 2 inches, the
following lower ratios of bearing to temsile properties are proposed:

Edge distances
Ratios

1.5 X pin 2 X pin

dlameter diameter
Bearing ultimate
Tensile ultimate 1.3 1.6
Beariag yleld 1 . 1.4
Tensile yleld -3 .

Aluminum Research Laboratories
Aluminum Compeny of America
New Kensington, Pa., January 20, 1ol

Iy
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TABIE I

MIOEANIOAL FROPEETTES OF ALRMINUM-ALIOY ROLZED AMD EXTRUIED EROTIONS USED IN EEARTNG TEITS

Ellhllhmlulnnlmmotwmﬂ-m.wm Omu.mmoilnltmblr
—x?-xaim. _Ocegressicn specinens from angle vere of full oross -.otm]

Y
M% OQ:::!."
. yie. b4
Alloy - Tensile
BT e | E e | || e | Tome | i
temper = (pe) 0.2 peroent) (percent} 0.2 pexrosnt)
. (pe1) (pai)
WSy | mustangle | 3x3 xg- o TR — 60,900 43,000 2.8 33,800
Extruded argle | 3x 3 x% ™ok | --- 63,200 X7,400 20.3 %0,000
167 | Bollsd angle 3x3 x% L TR — 67,600 6,m0 13.8 9,300
Extruded anglo [ 3x3x$ | ToA3 | --- 63,000 6,50 n.7 6%,600
weN | Extved bar 1x2 5603 ;. 66,200 A9,300 17-2 40,800
”. % f ) .
W8w | Extruded bar 2xe 75608 1 koo [T 53,000
Th gg ;g. Piod et .
Ave nﬁm, 550 iy
sy | Extrided bar 1xe To60k 1 69,200 63,400 1.8 63,100
2 71, 400 000 8.0
. 70—'—‘ 300 " b Ly
1k8r | Rolled ber 1xe o 1 800 €3,600 10.8 60, 600
X T470T 2 n&n &3'900 e »
A %,% 5,50 B
18T | Extruded har exe 609 é ™ g gg,soo :.:}L'z 68,800
Av. ,000 ﬁﬂ,ooo,' 15-0
Ua-r | Follsd har exg ThToh :. g,soo g,g ﬁ': 9,900
Ave a‘% Y50 s
248 | Rolled bar 1xe AT é 68,000 g,g m-g 42,100
&v. g{[f% 1B,%0 p
2482 | Folled bar axe ThT12 ;. g,g %ggg -: ho,800
Av. " 35,500 BE
T58-F | Holled bar ixe TRTL3 : g,:gg 79,% 12.2 79,300
av. 57,50 75,56 :
8T | Bolled bar 2xe 73840 ;. gi,g %,aoo 13.2 58,800
Av. 88,360 5% ITF
h Tension Comprouiom
Tension—. Compresslo? . = . ) '
. x - ) :.
R 1z | S (RS 8t
. A2 --.}.1,4.
Bawcut on’ -3 | _ A
center line . '1/4u . I ge “ 3/av

Looation of tensile and compressive specimens in bar sections,
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BEARING ETHENGIES OF ALUMINUM-ALIOY ROLIED AND EXITRUDED SEOTIONS
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B8, “bearing ulbimates strengty; TS, temaile wittuete = ;
B8, bearing yisld sbrength; TS, tensile yield strengti] -

RATIOS OF AYERACE BEARTNG TO TERSOLE STRKNQTES

TABLE IIT

—_ =TT
B

. Batios for odge distances of -
o Beotion Bixe 1 2
(in.) 5 X pin dlamster X pin diameter
‘temper
BS/r3 BYS /™8 pi sl BI8/%Y8

WS- Holled angle 3x3 x% 1.64 1.51 2.05 1.67
IR Ertrnded angls 3% 3 x-g 1.58 1.0 1.8 1.60
8.1 Folled angle 3x3 xé 1.5k 1.4 1.9% 1.53
-7 Ixtroded engle Ix 3x% 1.48 1.37 1.8 L%
haN Extruled bar 1xe 1.h6 1.3 1.83 1.?&
AS-N Extruded bex exe 1.33 1.21 1.65 1.
ha-r Ertruled bar 1xe 1.1:3 1.3% 1.86 1.51
8T Holled bar 1xe 1. 1.39 1.07 1.%9
1gE Extruded bar 2xe 1.33 1.97 1.66 1.;3
1AB-T Folled bar 2xe 1.4 1Lk 1. 1.
258 Hollsd bar 1xe 1.k 1.k2 1.81 1.73
ohg-r Bolled ber exe 151 1.51 189 1.7
™8 Rolled bax 1xe 1-32 1.33 1. 1.%6
TS Bolled bar 2xe 1.87 1.9 1.63 1.%0
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Figure 1.- Arrangement for bearing tests. Microscope used for measurement of
hole elongations.
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 Figure 2.~ Bearing stress-hole elongation curves fori3- by 3- by 3-inch 143-W angle (samples 76944 '
ol inches; pin dlameter, 0,600 Inch;

and 76045), Specimen thicknsss, 0,250 inch; specimen width,
bearing-yleld offset, 0,02 X pin diamater,
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Figure 4.- Bearing stress-hole elongation curves for 143~W extruded bar (samples 76603 and 75608).

Specimen thickness, 0.250 inch; specimen width, 2 inches; pin diameter, 0.500 inch; bearing-yleld
offset, 0,02 * pin dlameter,
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. Fig;ure 6.- Bearing stress-hole elongation curves for 2 by 2-inch 148-T bar (samples 74724 and 75600)..

Specimen thickness, 0.260 inch; specimenwidth 2 inches; pin dametar, 05w1nch bearing-yield
i offset, 0,02 x pin diameter, ;
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Figure 7.- Bearing stress-hole elongation curves for 24S~T rolled bar (samples 74711 and 74712),
Specimen thicimess, 0.260 inch; specimen width, 2 inches; pin dlameter, 0.500 inch; bearing-yield
offset, 0,02 x pin diamster. ' -
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Figure 8.~ Bearing stress-hols elongation curves for 758~T rolled bar (samples 73440 and 74713).
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